T WENTY-FIVE years ago geneticists generally accepted the fact that the human diploid chromosome number was 48. This basic number was reported in general biology and genetics textbooks and neither instructors nor students questioned this "fact" of the discipline. Twenty years ago this myth was exploded when Tjio and Levan reported, and other workers quickly confirmed, that the basic human diploid chromosome number is, in fact, 46, not 48. This paper examines other myths that are being perpetuated in general biology and genetics instructional materials in the classrooms of U.S. colleges and universities.
Most introductory biology and genetics laboratory manuals contain investigations concerning human inheritance. Generally, the characteristics selected for inclusion in these investigations are gross morphological traits that may be easily recognized and observed. Biochemical or physiological traits, which require sophisticated methods of detection, are frequently not appropriate for use in the classroom laboratory. Unfortunately, many morphological traits appear to be used, not because of the certainty of their modes of inheritance, but merely because of the ease with which they may be recognized and studied.
When choosing human genetic traits for classroom laboratory demonstration, a first requisite would appear to be the selection of characteristics for which the mechanisms of inheritance have been well documented. On the other hand, genetically well understood but extremely rare traits are not suitable for classroom laboratory use, nor are polygenic traits, nor are characteristics that are variable in expression or readily modified by the environment, nor are traits that students may possess, but are unwilling to acknowledge.
The motivation for doing the present study came from a paper by Martin 5 in which the ability to roll the tongue and the manner of clasping the hands were shown by twin studies to have no genetic basis. These traits (see Table I , lines 29, 54, and 55 are still widely used in classroom laboratory manuals published in the United States. If these traits lack a genetic basis, how many others, also widely used in the classroom, lack sound documentation? How many of the traits included in the manuals are not useful in the classroom for other rea-
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sons? The objective of this study is to evaluate the utility of the characteristics employed in selected beginning biology and genetics laboratory manuals to exemplify human inheritance, and in some cases to question the validity of using certain of the "inherited" traits.
Methods and Data
Twenty-six beginning biology and genetics laboratory manuals of recent publication were evaluated with respect to the subject matter contained in the chapters dealing with human genetics. From these 26 manuals, a compilation of 57 human characteristics was made (see Table I ); of these, 43 were found as entries in McKusick's catalog, Mendelian Inheritance in Man 8 . McKusick has categorized the traits appearing in his catalog in accordance with their mode of inheritance, i.e., dominant, recessive, or X-linked, and has individually designated each trait as to the certainty of its mode of inheritance, as explained in the following quote from the preface of the catalog: "An asterisk preceding an entry indicates that the particular mode of inheritance is considered quite certain. In the case of those without an asterisk, suggestions of the particular mode of inheritance are strong enough to warrant inclusion for heuristic purposes." Traits that may be the result of a mutation from an allele already asterisked are not designated, so that only one asterisk per gene locus exists. In addition to categorizing the traits, McKusick has included a descriptive summary of each trait as well as pertinent literature citations for each entry. A total of 2,336 traits (1, 142 
Discussion
Ideally, for a trait to be useful in a classroom laboratory study of human genetics, it should be regulated by a single gene, possess a well documented mode of inheritance, be common enough in the general population that it may be expected to occur with reasonable frequency in the classroom, and be easily characterized and identified. In addition, the trait should be one that students will be willing to acknowledge, i.e., one that is not associated with a disease or defect. Unfortunately, the majority of the known human genetic characteristics fail to possess one or more of these prerequisites.
The 14 traits listed in Table IV are not included in McKusick's catalog of autosomal dominant, autosomal recessive, and X-linked traits in humans. This implies that they may have no genetic basis whatsoever, or that they may have a polygenic mode of inheritance. In fact, certain of the traits listed in Table IV are known to be controlled by polygenes. Such traits are not very useful for Table I . A compilation of 57 traits found in 26 representative introductory biology and genetics laboratory manuals with a lettered key indicating the manuals in which each trait was found 13 to be a polygenic trait. This is corroborated by Nicholls 9 , who concluded that two of a minimum of three major gene pairs that control skin color also regulate eye color to a large extent. McKusick cites literature that suggests that earlobe attachment (trait 16) may also be under the control of polygenes.
Hand clasping (trait 29) and handedness (trait 30) appear in Table III as non-asterisked characteristics thought to have a Mendelian mode of inheritance. Some workers have suggested, however, that these traits are not inherited at all. Annett 2 studied 45 children, all progeny of left handed parents, and found that the children were equally divided as to their preference for either right or left handedness. Her conclusion is that laterality among the children of left handed parents is not inherited, but is of accidental determination. Ferronato et al. 3 , have found that there is no relationship between handedness, arm folding, or hand clasping, nor between parents and their children in these particular behavior patterns.
Tongue rolling (trait 54, 55) was originally described by Sturtevant'* 1 , as a characteristic that was at least partially inherited. Reedy et al. 11 concluded from twin studies that hereditary factors strongly influence tongue rolling ability. Martin 5 , however, in additional twin studies reported that the degree of genetic influence on tongue rolling ability must be slight and of a polygenic nature, if occurring at all. He reports that this is also the case for hand clasping (trait 29).
In his catalog, McKusick includes migraine headaches (trait 39) among those characteristics that may have an autosomal dominant mechanism of inheritance. He cites literature supporting the hereditary basis for the trait. However, Waters 15 suggests that the role of heredity in the definition of migraine is not as important as originally supposed. Although myopia (trait 41) is included among the well documented inherited characteristics (Table II) , McKusick cites literature that suggests that myopia may have a multifactorial mechanism of inheritance. McKusick also notes that some environmental causes of myopia have been identified. Because of conflicting evidence about the mechanisms of inheritance and because of the possible role of environment in inducing or modifying the conditions, neither migraine nor myopia would appear to be very useful examples of inherited traits in the classroom laboratory.
The relative frequency with which a trait is expressed in the general population will govern the expected occurrence of the trait in the classroom. Therefore, traits that are rare in the population as a whole, will be of little use in a classroom study of human inheritance. The traits of low frequency would appear to be those numbered 1,7, 12, 14, 15, 22, 25, 32, 34, 35, 39, 46, 47, 52, and 56. Likewise, traits that are confined in incidence to certain national, racial, or ethnic groups, will also be of limited value, except in situations where the particular populations possessing the trait predominate. Ear cerumen (trait 17) for example, has been reported by Matsunaga 7 , to be found more commonly in its dominant form (wet and sticky) among Caucasians and Negroes, while it is found in its recessive form (dry and crumbly) among oriental populations. Sickle-cell anemia (trait 48) is mostly limited to blacks. Tay-Sachs disease (trait 51) is found in higher frequencies among Ashkenazi Jews than among other populations.
Morphological traits that are not associated with disease or defects are more often used to illustrate human inheritance than are physiological or biochemical characteristics. Useful morphological traits that appear to be soundly documented with respect to their mode of inheritance (Table II) include baldness (trait 3), cleft chin (trait 10), mid-digital hair (trait 38), and camptodactyly (trait 44). Unfortunately, physiological and biochemical characteristics often require sophisticated methods of detection, such as chromatography and electrophoresis. Perhaps only five biochemical and physiological traits are suitable for wide classroom use: PTC tasting (trait 45), blood typing (traits 4, 5, and 6) and methyl mercaptan excretion (trait 37). 10920   11030  11130  11170  12550  11900  12700  11780  14310  15040  15720  16070  11420  17120  17420  17830  14190  17280   20310  22080  27280   30380  31020  30950  30590  30670 Blood typing is a relatively simple biochemical procedure that is widely used in classroom laboratory demonstrations of human inheritance. Blood typing tests are well documented immunological reactions, and need not be dealt with further in this paper.
Relatively simple biochemical tests for the determination of human inheritance involve the sense of taste. Three of the tasting tests (traits 8, 50, and 53) are among the traits not entered in McKusick's catalog (Table IV) and, therefore, are of questionable value for instructional purposes. Phenylthiocarbamide (PTC) tasting (trait 45) is the 6 concluded from twin studies that variance in threshold levels of ability to taste PTC is of genetic origin, and not influenced by such environmental factors as smoking and eating habits. Variance in the tasting of PTC among dizygotic twins was suggested to be due partially to multiple alleles or background genetic variation.
Methyl mercaptan excretion (trait 37) is entered in McKusick's catalog as a non-asterisked trait. Although the characteristic may be in need of further investigation, it is an interesting trait of potential use in classroom laboratory studies of human inheritance 10 . This trait was first described by Allison and McWhirter 1 , and the excreted compound was reported to be methanethiol. However, further studies by White 16 have shown that there are two compounds responsible for the odor, S-methyl thioacrylate and S-methyl 3-(methylthio)thiopropionate. The ability to produce the odor is thought to be due to a single autosomal dominant gene.
A trait that is associated with a physiological defect or disease is not suitable for introductory laboratory studies of human genetics, regardless of how well-established the mode of inheritance. Students having or carrying such characteristics may be unwilling to acknowledge it. They may also be unwilling to discuss the occurrence of such traits in the members of their families.
Furthermore, it is not the function of the introductory biology or genetics class to serve as a screening center for genetic diseases, especially if subsequent genetic counseling is not available. Among U.S. blacks approximately one in ten is said to be a heterozygous carrier of the gene for sickle cell anemia. Inexpensive kits have been designed for the classroom detection of such carriers, but the use of these kits in the absence of a genetic counseling program is probably unwise.
Most of the disease-associated characteristics (traits 1, 14, 15, 22, 25, 32, 34, 48, 51 and 52) are also relatively rare in the general population and would only infrequently occur in the classroom. Finally, the methods required to detect some of these traits are sufficiently sophisticated to be impractical for use in most introductory courses. 
Summary
Twenty-six selected introductory biology and genetics laboratory manuals were examined and were found to include 57 human "inherited" traits as examples for classroom study. Forty-three of these 57 traits are included in McKusick's catalog of human inherited characteristics, Mendelian Inheritance in Man. Of these 43 traits, 26 are annotated with an asterisk, indicating that their modes of inheritance are well documented, while 17 traits are not so annotated, suggesting uncertain mechanisms of inheritance. Fourteen of the 57 traits are not found in McKusick's catalog, implying that they may not be inherited traits at all or that their modes of inheritance may be polygenic.
Current literature also suggests that certain traits included in the McKusick catalog may, in fact, not have a genetic basis. Notable examples of such questionable traits are handedness, hand clasping, and tongue rolling.
Clearly, a need exists for reliable morphological and easily detected biochemical human genetic traits for use in classroom instruction. Authors preparing instructional manuals for introductory biology and genetics laboratory studies should carefully select the traits with which they illustrate human inheritance. A first requisite for selection of such characteristics must be conclusive evidence that the trait does, indeed, have an established genetic basis. Additional criteria for selection of such traits are also discussed.
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